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Ronald L. Dalman, MD, Stanford, Calif
Objective: Surging interest in the 0  5 integrated vascular surgery (VS) residency and successful recruitment of the top
students in medical school requires early exposure to the field. We sought to determine the impact of a high-fidelity
simulation-based preclinical endovascular skills course on medical student performance and ultimate career specialty choices.
Methods: Fifty-two preclinical medical students enrolled in an 8-week VS elective course from 2007 to 2009. Students
completed a baseline and postcourse survey and performed a renal angioplasty/stent procedure on an endovascular simulator
(pretest). A curriculum consisting of didactic teaching covering peripheral vascular disease and weekly mentored simulator
sessions concluded with a final graded procedure (posttest). Long-term follow-up surveys 1 to 3 years after course completion
were administered to determine ultimate career paths of participants as well as motivating factors for career choice.
Results:Objective and subjective performance measured on the simulator and through structured global assessment scales
improved in all students from pre- to posttest, particularly with regard to technical skill and overall procedural
competency (P < .001). Prior to enrolling in the course, 9% of the students expressed high interest in VS, and after
completing the course, this response nearly tripled in terms of seriously considering VS as a career option (P  .03).
Overall interest postcourse in VS and procedural-based surgical specialties was nearly 90%. In long-term follow-up, 25%
were still strongly considering integrated VS residencies, with other top career choices including surgical subspecialties
(64%), radiology (10%), and cardiology (6%).Most respondents indicatedmajor reasons for continued interest in VSwere
the ability to practice endovascular procedures on the simulator (92%) and mentorship from VS faculty (70%).
Conclusions: Basic endovascular skills can be efficiently introduced through a simulation-based curriculum and lead to
improved novice performance. Early exposure of preclinical medical students provides an effective teaching and
recruitment tool for procedural-based fields, particularly surgical subspecialties. Mentored exposure to endovascular
procedures on the simulator positively impacts long-term medical student attitudes toward vascular surgery and ultimate
career choices. ( J Vasc Surg 2011;54:1193-1200.)
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cWith the rising number of integrated fast-track pro-
grams directly out of medical school in vascular surgery
(VS), cardiac surgery, cardiology, interventional radiology,
and surgical subspecialties, medical students have more
residency options than ever before. VS faculty and program
directors wishing to attract the best students to our spe-
cialty need to be aware of the demographics and back-
grounds of those that apply to these early specialization
programs.1,2 Workforce issues and estimates of future vas-
cular care needs as baby boomers turn 65 also require that
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doi:10.1016/j.jvs.2011.04.052ur specialty increase both in terms of number of specialists
s well as diversity of our trainees.3 The preferred strategy
or optimizing recruitment efforts into VSmay therefore be
t the medical student level, when there is the most captive
nd diverse applicant pool. Reasons cited by senior medical
tudents for choosing a surgical career over a primary care
rack include motivation by surgeon role models, career
pportunities, and research opportunities.4 They are less
ikely than their counterparts to be discouraged from sur-
ery on the basis of lifestyle, time commitment, call sched-
les, or residency length. Due to the visual and tactile
ature of surgery, most students choose a surgical career
nly after they have rotated during their clinical third and
ourth years, when they have the opportunity to be in the
perating room.5,6 Early exposure to surgery during the
reclinical years has been introduced in many medical
chools to positively influence students’ choice of surgical
areer, and these efforts have been in the form of shadow-
ng experiences, surgery clubs, research programs, and skills
ourses.7-10
In our institution, we have relied heavily on simula-
ion-based curricula to introduce key technical and cog-
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October 20111194 Lee et alnitive concepts to trainees, including medical students,
as a way to augment traditional surgical education and
facilitate skills acquisition.10,11 Simulators can provide
an avenue for “active learning” and therefore improve
retention of knowledge and skills, which medical educa-
tors have encouraged in contrast to traditional didactic
learning during preclinical years.12 Various surgical sim-
ulators have been developed in the fields of laparoscopy,
urology, obstetrics, and VS, and have been utilized to
train residents and students in a safe, controlled, risk-free
setting.13 Hoping to provide students with a more
hands-on experience and to introduce core concepts of
VS, we developed a pilot course in 2007 for our preclin-
ical medical students to provide early exposure to the
specialty and to develop basic endovascular skills.10 We
sought to determine the impact of this high-fidelity
simulation-based preclinical endovascular skills course
on medical student performance, long-term attitudes
toward surgery, and ultimate career specialty choices.
METHODS
Participants. This study was approved by our local
Institutional Review Board. All 52 first- and second-year
medical students enrolled in the course from fall 2007 to
winter 2009 were included in this analysis. Recruitment
into the course was done by e-mail to all preclinical
students annually from 2007 to 2009, for a total possible
enrollment of 267 students. The class was held during
elective time for all first- and second-year medical stu-
dents, and enrollment was entirely voluntary. Most of
the students enrolled in 2007-2008 have matched and
begun residency programs (n  7). Many of the 2008-
2009 students are currently applying for residency and
have thus selected their ultimate career path. Fig 1 shows
where in their training/career paths each of the enrolled
students are as of September 2010. Surveys of their
background, demographics, and precourse attitudes to-
ward VS and procedural-based specialties were assessed
at the beginning of each student’s course and are shown
in Table I.
Endovascular skills course. Details of the course and
its curriculum and topics have been reported previously.10
Over the 8-week vascular elective, 2 hours per week of
didactic and hands-on teaching of basic endovascular skills
using the AngioMentor system (Simbionix, Ltd, Cleveland,
Ohio) was provided for the students. One faculty member
(J.T.L.) has been responsible for the course, administra-
tion, curriculum, grading, and teaching during the study
period, with assistance from research coordinators, senior
medical students, and surgical residents. The high-fidelity
endovascular simulator provides practice of simulated in-
terventional endovascular procedures, including carotid,
renal, aortoiliac, and superficial femoral modules. It has two
touch screens; the right one shows fluoroscopic imaging
with the patient’s vitals, and the left screen shows the
patient under the C-arm, options for guidewires and cath-
eters, contrast injection, and drug administration. The us-
ers are able to control the C-arm and table to appropriately 2osition the patient for optimal visualization of anatomic
tructures.
Basic skills taught by the faculty mentor include
uidewire manipulation, catheter exchange, angioplasty,
nd stenting. Didactic material is delivered on relevant
opics prepared by the students in the course, and online
odules introducing the students to the relevant diseases
nd treatment options are offered. During the early weeks
f the course, introductory topics are reviewed, focusing
ainly on basic endovascular skills. After the introductory
opics, disease-specific modules are covered weekly, includ-
ng lower extremity occlusive disease, renovascular hyper-
ension, and carotid occlusive disease. To determine tech-
ical improvement as well as global cognitive knowledge
bout treatment algorithms during the course, each partic-
pant undergoes a structured graded assessment pre- and
ost-course, with these evaluations done on a simulated
enal angioplasty/stent procedure.
Skills assessment. All participants were asked to treat
patient with multi-drug-resistant hypertension and 80%
eft renal ostial stenosis on the endovascular simulator.
sing a previously validated Global Endovascular Ratings
cale (GERS), which we developed with collaborators from
ther institutions, performance was assessed as components
f the entire procedure, including angiography, wire access,
nd balloon/stent intervention.11,14,15 Scoring on the
ERS is rated by trained expert observers and based on a
raditional Likert scale score of 1  fail, 2  poor, 3 
atisfactory/competent, 4 excellent, and 5 expert. The
articipants were given 20 minutes to complete the task.
In addition to the scores on the GERS, the simulator
roduced a report of metrics after each simulation, includ-
ng procedure time, fluoroscopy time, total contrast, num-
er of cine runs, number of guidewires, number of cathe-
ers, residual stenosis (%), time to aortogram, time to
ntervention, and activated clotting time. Statistical analy-
es were done using Excel 2007 (Microsoft Corporation,
edmond, Wash). Paired t tests were used to determine
ifferences between the students on the pre- and posttest.
he Wilcoxon rank-sum test or Fisher exact test were used
o test for statistical differences between groups, where
ppropriate, with values of P  .05 considered significant.
Survey. At the end of the 8-week course, surveys were
dministered to reassess students’ attitudes and interests in
S and other surgical subspecialties. A long-term follow-up
urvey was then administered in the summer of 2010 to all
revious students (6 months to 3 years postcourse) again
eassessing their attitudes and interests in VS and surgical
pecialties. This survey also queried which specialties the
tudents were matching in or planning on applying for, and
he various effects throughout medical school that factored
nto their career decision, particularly the influence of this
urgical skills course.
ESULTS
Fifty-two first- and second-year medical students
mean age, 25; 30% female) completed the course from
007 to 2009. Objective performance metrics reported
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Volume 54, Number 4 Lee et al 1195from the simulator during pre- and posttests are shown
in Table I. Not surprisingly, no student was able to
complete an entire renal angioplasty/stenting module
on the precourse assessment, but after the course on the
posttest, 81% of the students successfully completed the
renal stenting exercise. There were significant improve-
ments (P  .05) for the group in terms of procedure
time, fluoroscopy time, number of cine runs, residual
stenosis after intervention, time to aortogram, time to
intervention, and appropriate anticoagulation use, indicat-
ing improvements in technical skills and patient safety
measures.
Assessment by expert observers using the GERS (scale
Fig 1. As of September 2010, current positions and c
enrolled in this endovascular skills course.1-5) also showed significant improvements (P  .001) in dach of the major components of the renovascular treat-
ent module: angiography, wire manipulation and access,
nd intervention. Analysis of the entire cohort showed a
ean total improvement from 1.73 on the pretest to 3.70
n the posttest (maximum score of 5.0) as shown in Table
I. Fig 2 documents, for each individual pre- and posttest,
erformance using the global ratings scale, with 100% of
tudents showing improvement in their overall GERS per-
ormance after completion of the course.
All 52 students responded to pre- and postcourse sur-
eys, and 47 students responded to the long-term survey in
he summer of 2010 (90% response rate). The percentage
f students who were “highly interested” in VS or a proce-
choices of the cohort of medical students previouslyareerure-based specialty at each time interval is shown in Fig 3.
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October 20111196 Lee et alThere is an increase (P  .03) in interest in VS seen
immediately following the course, as one might expect, and
it continued to rise even after the course at long-term
follow-up to 25%. Combining “interested” and “very in-
terested” gave a nearly 90% level of enthusiasm toward VS,
which even in the long term persisted at an interest level of
70%. A more steady and modest increase in procedure-
based specialties was seen, going from 88% to 93% after the
course, and stabilizing at 75% in the long-term follow-up
for the high-interest category.
Table III reviews long-term follow-up of the career
options the students are currently matching in or applying
for. Over 20% are currently matched in their specialty or
currently applying, while many others that indicated their
strongest preference is spending an additional research year
before applying for residency in their chosen specialty. Over
60% are currently committed to surgery, with neurosurgery
being the most popular subspecialty (24% of those inter-
ested in surgery) and VS at 9%. There still remains a portion
of students (13%) whose career choice is completely un-
known at this time, given some are still in their preclinical
years. Data from our institution’s match results document a
slight increase in students (25.1% from 2009 to 2011 vs
21.9% from 2006 to 2008) who matched in surgery or
surgical subspecialties since this particular skills course has
been offered but is not statistically significant (P  .4).
Survey responses documenting effects of various influ-
ences of the curriculum in medical school as well as in the
Table 1. Objective performance data during pre- and
posttests of renal angioplasty/stent procedure performed
by medical students
Medical students
(n  52) Pretest Posttest P
Procedure time 0:20:50 0:15:39 .001
Fluoroscopy time 0:11:28 0:08:46 .001
Total contrast (mL) 28.4 31.6 .34
No. cine runs 4.5 3.2 .001
No. guidewires used 3.7 3.2 .02
No. catheters used 4.9 3.7 .24
Residual stenosis (%) 35% 16% .001
Time to aortogram 0:09:10 0:03:11 .001
Time to intervention 0:14:25 0:08:56 .001
Activated clotting time
at intervention (sec) 189 340 .001
Table II. GERS during pre- and posttests for all 52
participants (1  poor performance, 5  expert)
Medical students
(n  52) Pretest Posttest P
Angiography 1.72 3.77 .001
Wire access 1.81 3.69 .001
Intervention 1.74 3.69 .001
Total procedure 1.73 3.70 .001introductory vascular skills course are outlined in Tables IV so VI. Table IV highlights the benefits of this skills course,
ith testing on the simulator having the most positive
cores and being the most valuable experience of this
imulation-based course. Table V indicates the influence of
ostcourse medical school experiences in their ultimate
areer choice. Clerkship experience was the most important
4.1/5.00, with 5 being very important), followed by
entors in the field (3.9), this surgical skills course (3.4),
esearch experience (3.4), extracurricular activities (3.3),
nteraction with residents (3.2), and scientific articles (2.5).
inally, Table VI shows the most important factors in
eneral to determine career choice in surgery and include a
entor/role model (3.8), technology/devices (3.7), and
linical rotation/experience (3.6).
ISCUSSION
This study found that medical student performance
mproves dramatically based on objective metrics and ex-
ert observer assessment after an introductory endovascular
kills course, particularly with regard to basic endovascular
kills and intervention. The lasting benefit for preclinical
edical students from the development of this endovascu-
ar skills course is the witnessed career development and
nterest in surgery and surgical subspecialties. Long-term
ollow-up and survey responses from this motivated cohort
f medical students reveal that students are likely to choose
urgery or surgical subspecialties because they enjoy per-
orming procedures/operations, being assessed and tested
n their skills, having the early opportunity to participate in
kills courses, and appropriate mentorship and guidance.
Many of the students initially signed up for this course
ecause they already had a preconceived interest in a surgi-
al or procedural-related specialty. That interest was fos-
ered in the interactive environment of simulation as well as
he interest shown by faculty mentors and current trainees
bout the specialty. This can be particularly effective in the
reclinical years when students would not have that much
atient contact. Similar courses taught by surgeons to
nclude suturing workshops might also be an effective way
o utilize simulation in a low-fidelity environment.
Because skills courses can offer preclinical students early
xposure to surgical procedures, it bridges the gap between
reclinical and clinical years of training. The students in this
articular course also learned efficient communication:
alking through a procedure and communicating with an
ssistant; reasoning through a patient history to provide a
easonable treatment plan; and logical sequencing of an
ndovascular intervention given the condition of the “pa-
ient.” The course benefitted the students by providing
hem with a context of disease and multiple ways to treat
he patients even prior to ever working on a real patient.
rince et al found that medical students transitioning from
reclinical to clinical years reported having difficulty apply-
ng theoretic knowledge in clinical practice.16 Simulation-
ased courses in the preclinical curriculum could remedy
hat apparent gap in education and provide closer integra-
ion of preclerkship and clerkship education. One of the
tudents in this endovascular course commented, “This
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Volume 54, Number 4 Lee et al 1197course was the only experience in my first year of medical
school that allowed me to see the clinical significance of my
basic studies.” Medical educators have been exploring
more “active learning,” and the development of case-based
learning, team-based learning, and problem-based learning
modules as alternative methods of didactic knowledge
transfer has been encouraged. Koles et al found case-based
learning in a pathology curriculum to particularly improve
the test performance of students, especially those in the
lower quartile of the class.12
Meeting educational goals and expectations of preclin-
ical students intuitively helps with their long-term career
choices. Although multiple studies have confirmed that
students solidify their career choice in the third year, in-
cluding our survey data, again which rated the clinical
clerkship (presumably in the third year) that was most
influential in ultimately helping students select their resi-
Fig 2. GERS total score during pre- an
Fig 3. Survey response to interest in VS versus procedu
long-term. Time interval from postcourse to long-term
from pre-to postcourse and was sustained long-term (Pdency, early exposure does provide a positive impact. The ability for vascular faculty to provide roles as mentors
uring early preclinical years improves the likelihood of
nvolvement in research and ultimately may attract them to
ur specialty. Plastic surgery program directors have found
hat getting people into the operating room prior to their
lerkship can increase medical student interest in that spe-
ialty.17
VS program directors have previously acknowledged
he difficulty with attracting the top fellowship applicants to
ur field, and the development of the 0  5 integrated
ascular residency was a response to the presumed decline
n interest to our specialty.18,19 Providing these integrated
ast-track residency programs is only the first step and a
ovel one in many VS programs; continued mentorship,
esearch opportunities, and clinical teaching will be neces-
ary to attract top medical students to VS. We surveyed our
pplicants in the 0 5 integrated VS match compared with
sttests of individual students (n  52).
ed specialties (n 52) from precourse to postcourse to
s from 1 to 3 years. “Very Interested” in VS increased
).re-bas
rangetop general surgery program and found the VS residency
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more publications, and more advanced degrees.2 Creative
and often time-intensive mechanisms and opportunities to
attract these top students will be important in filling the
increasing number of these 0  5 residency positions in
vascular surgery.
When comparing the survey responses between this
group of students who chose to take a preclinical skills
course and prior studies1,2 that document why students
choose vascular surgery, there are several important simi-
larities that are encouraging for 0  5 vascular surgery
program directors. Clerkship experience in the third year
consistently rises to the top as the most important experi-
ence in cultivating interest that shapes their future career
choices, as important as mentors during the preclinical and
clinical years. Unique to this survey (Tables V and VI) is the
fact that this endovascular skills course was the third highest
Table III. Current plans (as of September 2010) of
students in long-term career follow-up (n  52)
Surgery 63.5%
Neurosurgery 8
Subspecialty 7
Plastic 5
Orthopedics 4
Vascular 3
General surgery 2
Urology 1
Opthalmology 1
Ear, nose, throat 1
Cardiothoracic 1
Radiology 4
Interventional radiology 1
Internal medicine 3
Emergency medicine 1
Anesthesiology 1
Family medicine 1
Pediatrics 1
Unknown 7
Table IV. Long-term survey results: benefits of the
curriculum
How beneficial were each of the following aspects of the
endovascular course curriculum in terms of your educational goals?
Unimportant
(Score 1 or 2)
Important
(Score 4 or 5)
Rating
Average
Practicing endovascular
procedures on the
simulator
2.1% (1/47) 92.5% (44/47) 4.70
Testing on the
endovascular
simulator
2.1% (1/47) 87.5% (42/47) 4.48
Mentorship by a
vascular surgeon
8.5% (4/47) 70.0% (35/47) 3.93
Presentations about
vascular disease
2.1% (1/47) 67.5% (33/47) 3.80
Meeting surgical
residents
12.8% (6/47) 47.5% (24/47) 3.46ranked reason for choosing their ultimate specialty, with a cating of 3.4 out of 5. This rating was as high as research
xperience, and certainly for this cohort meant they en-
oyed the ability to get mentored skills teaching. Substitu-
ion of open vascular surgical skills might also be another
ore cost-effective way to provide the same exposure, with
imple graft and suture or time in the anatomy laboratory.
n the preclerkship stage, a program or course that allows
kills and procedures to be taught and/or assessedmight be
eneficial in raising awareness about VS. This is where
imulators and skills laboratories can have a tremendous
nfluence in attracting medical students who are curious
bout procedure-based specialties. Most important, how-
ver, remains the time during the formative clinical years of
ecision making, when clerkship experience and mentor-
hip can have the most profound influence on career
hoices. Efforts among VS program directors to become
ctively engaged in improving clerkships and mentoring
uring those years, in combination with preclinical courses
uch as described here, are likely to have the most lasting
enefit.
Specific to VS, the challenging technical aspects of our
pecialty have been found in surveys of students, residents,
nd fellows that have attracted trainees.2,18 The opportu-
ity then as a preclinical student in the safe confines of a
imulated environment would have clear theoretic advan-
ages in attracting students to a surgical specialty. In this
ourse, the ability to be introduced to technology and
evices and endovascular procedures was cited as a major
eason to be interested in surgery (Table VI). This is also in
ine with survey data about students applying to our 0  5
ntegrated vascular residency as well as top general surgery
rograms.2 Those applicants reported that the clinical clerk-
hip, challenging open surgical operations, mentor/role
odel, and minimally invasive techniques/technology/de-
ices were the most important factors for choosing a surgi-
al or vascular surgical career. It is clear then that increasing
reclerkship medical student exposure through mentors
nd novel devices will attract and train those interested in
urgery and its subspecialties.
Finally, an unanticipated benefit of this skills course was
he survey response that these students who were most
ikely to choose surgery ultimately enjoyed practicing pro-
edures on the simulator and being tested on the simulator
Table IV). Procedural-based assessment can therefore be
ypothesized to be a positive aspect in the recruitment of
rainees, and exposing them earlier to skills-based assess-
ent might entice students to consider these competitive
esidency positions.
There are several limitations to our study. There is no
ontrol group for those not exposed to simulation and this
ourse, which brings into question the overall effect of the
ourse. Also, there is not an equivalent course in VS with
entors that does not employ high-fidelity simulation.
hile our group has been a champion of the technology
nd has research and grant resources to assist with the cost
f providing advanced educational materials, it would be
hallenging to offer a broad nationwide simulation-based
urriculum in all medical schools. The effort required to
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many VS divisions. In the cost-containment era in which we
are currently practicing, non-revenue-generating activities
such as teaching often get de-emphasized and unrewarded.
By documenting the significant benefit our specialty gains
by offering preclinical teaching and mentoring to the sus-
tainability of future vascular surgeons in the workforce, we
hope to encourage other programs to seriously consider
active engagement of the medical students.
Another limitation is inherent in survey-type responses,
particularly because the postcourse survey can overinflate
the enthusiasm seen in any field. Still, we were encouraged
by the long-term follow-up survey showing continued in-
terest in both VS and surgical subspecialties. We believe as
more medical schools and VS programs have access to
simulation, particularly with the rising interest in the 0 5
integrated programs, faculty will have to continue to inno-
vate to find educational andmotivational efforts that attract
students to VS. Finally, it is difficult to know if, without this
course, this special cohort of students where nearly two-
thirds chose surgery for their career would have done so
without the course. We can only anticipate, since this
endovascular skills course was listed as the third most
important, and higher than research experience, for their
career choice algorithm, that preclinical exposure in this
fashion was worthwhile to the students, the faculty, and the
Table V. Long-term survey results: experiences since takin
their ultimate career choice
Since the endovascular skills course, please rate the following experi
NA (No Score) Unimportan
Clerkship experience 46.8% (22/47) 6.4%
Mentors 8.5% (4/47) 12.8%
Class/elective 10.6% (5/47) 29.8%
Research experience 6.4% (3/47) 31.9%
Extracurricular activities 8.5% (4/47) 36.2%
Residents 14.9% (7/47) 34.0%
Scientific articles 12.8% (6/47) 55.3%
Table VI. Long-term survey results: ultimate factors
influencing career choices
Rate how these factors have influenced your interest in your
planned field:
Slightly (Score 1
or 2)
Strongly (Score
4 or 5)
Rating
average
Mentor/role model 8.5% (4/47) 59.6% (28/47) 3.76
Technology/devices 19.1% (9/47) 59.6% (28/47) 3.65
Clinical rotation/
experience 23.4% (11/47) 63.8% (30/47) 3.55
Lifestyle 17.0% (8/47) 51.1% (24/47) 3.41
Patient population 21.3% (10/47) 44.7% (21/47) 3.28
Prior research in the
field 27.7% (13/47) 48.9% (23/47) 3.18
Income potential 42.6% (20/47) 25.5% (12/47) 2.74surgical specialties.In summary, we have demonstrated significant techni-
al skills improvement in novice medical student perfor-
ance using a high-fidelity endovascular simulator through
structured skills course. Objective measures and struc-
ured global assessment score improvements highlight how
ager and willing medical students are to skills acquisition
nd learning. The ability to foster and nurture medical
tudent interest in surgery will be important in VS, as we are
eeing increasing numbers of applicants to the integrated
 5 vascular residencies as well as an increasing number of
esidency positions. Focusing on the technical aspects of
ur specialty, challenges presented by complex open and
ndovascular procedures, and continued clinical and re-
earch mentoring are strategies likely to increase interest in
S. Long-term career choices can be influenced through
imulation-based skills courses that reiterate to preclinical
edical students the hands-on nature of being a surgeon.
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